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Abstract 
Global average trend in solar radiative flux at the Earth's surface increases since the mid 1980's ("global 
brightening"). This is seen under both the cloudy and cloudless conditions. The aerosol change is one of the most 
important factors for the radiative flux change at the surface. The aerosol optical thickness is related to the 
magnitude of the surface radiative forcing, and the aerosol single scattering albedo influences the slope of the 
aerosol radiative forcing. Therefore, the optical thickness and single scattering albedo are important parameters 
for the understanding of the aerosol radiative forcing change. We have developed a new method to estimate the 
aerosol optical parameters from the ground-based broadband radiometers. The method assumes the 4 aerosol 
components, and estimates the aerosol optical thickness, single scattering albedo, and asymmetry factor from the 
direct and diffuse fluxes in VIS and NIR regions. We applied this method to the recent decade observations (April 
1998 to May 2008) at Tsukuba, Japan. The daily mean global flux in cloudless condition increased by 0.47 Wm-2 
per year. The daily mean aerosol radiative forcing decreased by 0.55 Wm-2 per year. The aerosol radiative forcing 
tends to decrease, and the radiative flux tends to increase at Tsukuba during 1998-2008. On the other hands, the 
aerosol optical thickness had no tendency, but the aerosol single scattering albedo and asymmetry factor increased 
by 0.011 and 0.003 per year. The recent decadal decrease of the aerosol radiative forcing was caused by the 
aerosol absorptive and forward scattering characters. 
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1. Introduction instruments have been working in long period. In this study, 
Global average trend in solar radiative flux at the Earth's we have developed a new method to estimate the aerosol 
surface increases since the mid 1980's ("global brightening"). optical parameters from ground-based broadband 
This is seen under both the cloudy and cloud-free 
conditions1l. The aerosol change is one of the most important 
factors for the radiative flux change at the surface. 
n記 aerosolparticles strongly affect the solar radiative flux 
at the s面aceby scattering and absorption. In particular, the 
absorbing aerosols have larger negative surface radiative 
forcing than other primally scattering aerosols and 
greenhouse gases by factors of3 to 102). Therefore, not only 
aerosol loading but also aerosol absorptive character is 
needed to evaluate the sutlace radiative effect of aerosols. 
In general, the aerosol optical thickness (loading) is related 
to the magnitude of the sutlace radiative forcing, and the 
aerosol single scattering albedo (ratio of scattering to 
scattering + absorption) influences the slope of the aerosol 
surface radiative forcing. Therefore, the long-term variations 
of the optical thickness and single scattering albedo are 
important for the understanding of global brightening. 
For the estimating the long-term variations of aerosol 
optical properties, the broadband radiometers are useful. The 
radiometers. We applied this method to the recent 10 years 
observation at Ts血ba,Japan, and studied the tendencies of 
aerosol surface radiative forcing and their optical properties 
changes. 
2.Methods 
2-1. Observation 
We have observed the broadband fluxes with some 
broadband radiometers since 1997. The instruments are 
calibrated regularly in JMA Meteorological Instrument 
Calibration Center in Ts血ba.The observation items are the 
global, direct and di伽se fluxes in total and N訳 bands. In 
this study, we used the global fluxes as the sum of the direct 
and di伽se fluxes, and calculated VIS-fluxes as the 
differences between total-and N瓜fluxes. The analysis 
period is April 1998 to May 2008. 
2-2. Estimation of daily mean aerosol radiative forcing 
For the climate effect of aerosols, the daily mean surface 
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radiative forcing under the cloudless condition is used in 
many papers. These papers estimated the daily mean global 
flux by the polynomial or power law fit to the instantaneous 
fluxes the under cloudless condition. We tested some fits, 
and selected the most stable second-order polynomial fit. 
F = a (cos 0)2 + b (cos 0), 
F is an instantaneous global flux. 8 isthe solar zenith 
angle. We assumed the global flux is zero at 8 =O. 
The daily mean radiative forcing is calculated as the 
difference between the daily mean observed global flux and 
the daily mean global flux calculated without aerosols. The 
fluxes without aerosols are calculated by the modified 
computational scheme ofNishizawa et al. 2043). 
2-3. Estimation of aerosol optical properties 
Aerosol optical thickness, single scattering albedo and 
asymme的 factorare estimated from observed the direct and 
diffuse fluxes in VIS and N沢 regions. Our method assumes 
an external mixture of 4 types of aerosol components, and 
searches their optimum combination for the observed fluxes. 
The assumed aerosols are water soluble, soot, sea salt, and 
mineral dust of OPAC4l. Water soluble and soot are small 
particles, and sea salt and mineral dust are large particles. 
Water soluble and sea salt are les absorptive than soot and 
mineral dust. Fig. 1 shows the dependencies of these 
assumed aerosols to the direct and diffuse fluxes in VIS and 
渾 regions. The upper figure shows the direct flux 
differences (VIS - NIR), and the under figure shows the 
diffuse flux differences (VIS - N訳）. The small particles 
are more sensitive to the direct flux differences than the 
small particles. The sizes of aerosols are divided by the direct 
flux differences. The non-absorptive aerosols increase the 
diffuse flux differences, but the absorptive aerosols decrease 
them. The absorptive characters of the aerosols are divided 
by the diffuse flux differences. 
We tested this method for some aerosol models of OPAC. 
The retrieval results are shown in Table 1. The estimated 
optical properties are good agreement with the truth. The 
estimated accuracies are les than 0.05 for les than 1.025ｵ 
m. 
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Fig. 1 Flux differences between VIS and N訳 direct
fluxes (upper) and between VIS and NIR diffuse 
fluxes (under) as functions of the optical thickness of 
4 aeorosls. 
Table 1 The errors of estimated aerosol optical properties 
(525run) in simulation. 
Optical 
Single 
Asymmetry 
thickness 
scattering 
factor 
albedo 
Continental 
0.000 -0.002 -0.003 
clean 
Continental 
0.000 0.001 -0.003 
average 
Continental 
0.000 0.000 -0.002 
polluted 
Urban 0.001 0.000 -0.002 
Desert 0.000 -0.010 0.024 
Maritime 
0.001 -0.005 0.000 
clean 
Maritime 
0.000 0.003 0.001 
polluted 
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3.Results 
3-1. Tendency of daily mean aerosol radiative forcing 
Fig. 2 show the monthly means of the daily mean global 
flux and the daily mean aerosol radiative forcing. Since the 
seasonal variations are vety large, it is dificult to estimate 
the decadal tendencies. Therefore, we excluded the seasonal 
variations. Fig. 3 shows the yearly mean seasonal variations 
calculated from the monthly means (Fig. 3). Using the 
deviations from the seasonal variations, the recent decade 
tendencies were calculated (Fig. 4). The daily mean global 
fl . ux m cloudless condition mcreased by 0.47 Wm— 2 per year 
(0.26 for VIS, 0.22 for N訳）. The daily mean aerosol 
radiative forcing decreased by 0.55 Wm-2 per year (0.33 for 
VIS, 0.22 for N訳）．
We also calculated the tendencies for the daily mean fluxes 
and cloud + aerosol radiative forcings under al conditions 
(cloudy and cloudless skies). The daily mean global flux in 
al conditions increased by 1.28 Wm-2 per year (0.84 for VIS, 
0.44 for 渾）• The daily mean cloud + aerosol radiative 
forcing decreased by 1.13 wm-2 per year (0.77 for VIS, 0.37 
forNIR). 
The cloud and aerosol radiative forcing tends to decrease, 
and the radiative flux tends to increase at Tsukuba during 
1998-2008. 
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Fig. 2 Monthly means of daily mean global flux 
[W/mり (closed circles) and daily mean aerosol 
radiative forcing [W/m2] (open circles). 
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Fig. 3 Yearly mean seasonal variations of daily 
mean global flux [W/m汀 (closed circles) and daily 
mean aerosol radiative forcing [W/ni2] (open 
circles). 
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Fig. 4 Deviations from the yearly mean seasonal 
variations. Global flux [W/mり (filled circles). 
Aerosol radiative forcing [W/m2] (open circles). 
Regression lines for global flux (solid line) and 
radiative forcing (dashed line). 
3-2. Tendencies of aerosol optical properties 
Fig. 5 shows the monthly means of the daily mean optical 
thickness, single scattering albedo, and asymmetry factor. 
They are the values at 525nm. Optical thickness is seen to 
decrease slightly. On the other hands, single scattering 
albedo and asymmetry factor increase clearly. Fig. 6 shows 
the tendencies of deviations from normal values. The 
deviations are calculated by the same way as the radiative 
forcing. The optical thickness has no tendency, but the single 
scattering albedo and asymmetry factor increase by 0.011 
and 0.003 per year. In the recent ten decade, the aerosol 
loading was almost constant, but the absorptive character 
decreased clearly, and the forward scattering character 
increased. This result indicates the surface flux changes by 
aerosols are caused by not the aerosol loadings but the 
- 16 -
aerosol absorption and forward scattering characters. 
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Fig. 6 Same as Fig. 4, but for optical thickness 
(closed circle), single scattering albedo (open square), 
and asymmetry factor (closed triangle). Regression 
lines for optical thickness (solid line), single 
scattering albedo (long dashed line), and asymmetry 
factor (short dashed line). 
4.Summary 
The recent decade tendencies of the aerosol radiative 
forcing and the aerosol optical properties were studied. 
The aerosol radiative forcing decreased, and the surface 
flux increased in the recent decade. These tendencies were 
caused by not the aerosol optical thickness but the aerosol 
single scattering albedo and asymme的 factor.
- 17 -
